When grown on minimal glucose medium, transformable Bacillus subtilis strains contained two distinct aspartokinases (ATP:L-aspartate 4-phosphotransferase, EC 2.7.2.4). One of these enzymes was inhibited by L-lysine (Lys), whereas the other was insensitive to inhibition but was activated by L-leucine. None of the other amino acids tested had any effect, and the addition of L-threonine did not enhance the inhibition by Lys, in contrast to the concerted inhibition observed for other bacilli. At the end of exponential growth, the Lys-sensitive aspartokinase activity decreased, whereas the Lys-insensitive activity remained relatively constant throughout the stationary phase. The two activities were separated by (NH )2SO4 fractionation and Sephadex G-200 chromatography. Growth in the presence of Lys reduced the specific activity of aspartokinase by about 50% and eliminated the inhibition by Lys. In extracts of these cells, only Lys-insensitive activity was found upon (NH,)2SO, fractionation and Sephadex G-200 chromatography. Lys apparently repressed the synthesis of the Lys-sensitive enzyme.
Aspartokinase activity (ATP:L-aspartate 4- phosphotransferase, EC 2.7.2.4), the first enzyme reaction in the branched pathway starting with aspartate (Asp) and leading to L-lysine (Lys), Lthreonine (Thr), and L-methionine (Met), is catalyzed in different microorganisms by one to three enzymes which exhibit a variety of control patterns (7) . Escherichia coli, for example, has three distinct aspartokinases, of which one is inhibited and repressed by Lys, a second is inhibited by Thr and multivalently repressed by Thr plus L-isoleucine (Ile), and a third is repressed but not inhibited by Met (7) . Rhodopseudomonas capsulatus has a single aspartokinase which is insensitive to individual amino acids but is inhibited by Lys plus Thr (8) . This concerted inhibition has also been observed in two Bacillus species. In B. polymyxa, Lys or Thr alone has no effect, but together they reduce the aspartokinase activity by 90 to 100%, suggesting the presence of only one enzyme (12) . Aspartokinase activity of B. licheniformis is partially inhibited by Lys or L-aspartic-,B-semialdehyde, whereas it is inhibited by Thr only in concert with Lys (15) . Nei growth in the presence of both represses aspartokinase activity sixfold (10) . The activity of this apparently single enzyme decreases drastically during the stationary period (15) . The last finding is surprising because this strain produces heat-resistant spores (4) and because aspartokinase is the first enzyme in the path to dipicolinic acid, whose incorporation into the ripening spore apparently is required for heat resistance (1, 2, 6) .
In this report, we show that a transformable and sporulating strain of B. subtilis, which is otherwise very similar to B. licheniformis, produces two aspartokinases, of which one is inhibited and repressed by Lys and the other is insensitive to Lys. At give the stated final concentrations: glucose, 0.5 mg/ml; L-tryptophan, 25 ug/ml; Met, 10 qg/ml; and FeCI3, 10-6 mM (added as a 2 x I0-3 M solution in 0.01 M HCI).
Nutrient sporulation medium (NSMP) was prepared by autoclaving 8 g of nutrient broth in 950 ml of distilled water. When this had cooled, the following sterile solutions were added in the order given, and the medium was mixed after each addition: 5 ml of metal mixture (0.14 M CaCI2, 0.01 M MnCl2, 0.2 M MgCl2); 0.5 ml of FeCl3 solution (2 x 10-3 M in 0.01 M HCI); and 50 ml of potassium phosphate buffer (2 M, pH 6.5 after dilution).
Cultures were grown at 37 C in flasks on a reciprocal shaker under conditions ensuring maximal aeration. Growth was followed by measuring the optical density at 600 nm (A,600). Bacteria Ammonium sulfate fractionation was then carried out. Solid (NH4)2SO4 (176 mg/ml solution) was added to the streptomycin sulfate supernatant fraction, giving 30% saturation (30% S) at 25 C. The solution was stirred for 30 min in the cold and centrifuged at 20,000 x g for 30 min. To the supernatant fluid, 127 mg of (NH4)2SO4 per ml was added (50% S), and, after stirring and centrifugation as above, another 137 mg of (NH4)2SO4 per ml was added (70% S), and the solution was handled as above. The pellets from 50% S and 70% S, containing 31 and 28% of the original activity, respectively, were stored in liquid nitrogen.
Aspartokinase assay. Aspartokinase was assayed by measuring the formation of L-aspartic-,-hydroxamate. Reaction mixtures contained 10 mm Tris-hydrochloride, 2 mM MgSO4, 20 mM adenosine triphosphate (ATP), 10 mm 2-mercaptoethanol, 800 mM NH 20H HCI (all mixed just before use, with pH adjusted to 7.6 with KOH), enzyme, and 100 mM L-aspartate (pH 7.6) or, where specifically stated, 10 mm aspartate. Controls contained all components except aspartate. Reaction mixtures (I ml) were incubated for 10 to 60 min at 37 C. The reaction was terminated by the addition of 1.5 ml of FeCI3-trichloroacetic acid reagent (10% FeCI3-6 H2O plus 3.3% trichloroacetic acid in 0.7 M HCI). After centrifugation to remove protein, the A040 (absorbancy. per cm path at 540 nm) was measured. The amount of hydroxamate was determined from a standard curve made with L-aspartic-13-hydroxamate (Sigma Chemical Co., St. Louis, Mo.).
The hydroxamate assay also produces a positive reaction with the aspartate-activating enzyme (forming L-aspartic-a-hydroxamate). To exclude the possibility that this activity was responsible for one of the peaks obtained by the Sephadex G-200 column fractionation, the material from each peak was precipitated by (NH4),SO4 and assayed for the liberation of "P from y-32P-ATP (kindly supplied by R. Lazzarini) by the method of Paulus and Gray (13 Growth in MG plus 10 mm Lys reduced the aspartokinase activity by about 50% and eliminated almost completely its sensitivity to Lys inhibition. The presence of Thr during growth also reduced the specific activity of aspartokinase but did not prevent the inhibition by Lys (Table  1 ). In the presence of Thr, the growth rate was reduced (Tables I and 2 ), an effect which could have been responsible for the decrease in the specific activity of aspartokinase. However, the normal growth rate was restored by the specific addition of L-valine (Val), although the specific activity of aspartokinase did not return to that found in MG-grown cells (Table 2) . No other amino acid tested restored the growth rate or in- fluenced the activity of aspartokinase (Tables 1  and 2 ). (Tables 4 and 5 ).
The nucleic acids in crude extract from MGgrown cells were first removed with 1.5% streptomycin sulfate, and the supernatant proteins were then sequentially precipitated with 30, 50, and 70% (NH,)2SO. Lys (10 mM) inhibited the aspartokinase activity of the 50% (NH 4)SO4 pellet about 30% and inhibited the activity of the 70% pellet about 75%. The reverse behavior was found with respect to Leu activation, the 50% pellet being activated much more than the 70% pellet (Table 5 ). This result again indicated that the Lys-insensitive enzyme could be activated specifically by Leu. When a mixture of the 50 and 70% pellets was chromatographed on a DEAE-cellulose column, a single peak of activity was found which was 60% inhibited by Lys. However, chromatography on a Sephadex G-200 column produced two peaks of activity, of which one was insensitive to Lys whereas the other was 70% inhibited by 10 mM Lys (Fig. 1) . Per cent activation relative to the assay with no addition.
The hydroxamate color reaction used to assay the L-aspartic-fl-hydroxamate formed by the aspartokinase reaction would detect the L-aspartic-a-hydroxamate produced by the aspartateactivating enzyme (3) . To insure that both peaks eluted from the Sephadex G-200 column contained aspartokinase activity, the major active fractions of each peak were precipitated by (NH 4)2SO4 and assayed both by the hydroxamate assay and by a radioactive assay measuring the production of labile o-phosphate (13) . (In the absence of pyrophosphatase, the activating enzyme liberated pyrophosphate which did not show up in the radioactive assay.) Table 6 shows that the specific activity of each peak material was about the same for both assay methods. Also, the inhibition by Lys and the lack of additional inhibition by Thr was exhibited in both assays. Preafter the end of growth, the total activity had cipitate was applied.
declined 60%, but the Lys-insensitive activity had decreased only 30%. By plotting the difference between total and Lys-insensitive activity, the bottom line in Fig. 4 The Lys-sensitive aspartokinase decreases in the first 4 hr after the end of growth, whereas the total activity decreases by only 60%. The remaining Lys-insensitive activity decreases only slightly up to 8 hr after growth has ceased. In NSMP, which contains excess Lys, only the Lysinsensitive activity can be observed, but it remains active until late in the developmental period. This result agrees with the expectation that dipicolinic acid is derived from Asp (5, 9) . In contrast to our findings, Stahly and Bernlohr (15) observed in B. licheniformis that the total aspartokinase activity decreased by 90% within 4 hr after the end of exponential growth. Nevertheless, the authors have shown that the remaining activity would be sufficient to produce the dipicolinic acid needed for the spores.
Our findings show that multiple aspartokinases occur in bacilli as well as in Enterobacteriaceae (14) .
